ABSTRACT Alphamune, a yeast extract antibiotic alternative, has been shown to stimulate the immune system, increase BW in pigs, and reduce Salmonella colonization in chickens. The influence of Alphamune on gastrointestinal tract development has not been reported. Two trials were conducted to evaluate the effects of Alphamune on gut maturation of 7-and 21-d-old turkey poults. Poults were fed a standard control unmedicated turkey starter diet or the same diet supplemented with either 1 or 2 lb/ton of Alphamune (n = 18/group). Poults were weighed on d 7 and 21, euthanized, and a 2-cm section was collected from the midpoint of the duodenum, jejunum, and ileum of each bird (9 poults/d per treatment) and fixed in a 10% formalin solution for 72 h and then stained. Twenty measurements of villus height, villus surface area, lamina propria thickness, crypt depth, and density of neutral, sialomucin, and sulfomucin goblet cells were taken per section per poult. On d 7, BW were higher for the poults given the Alphamune treatments compared with control poults; however, no differences were observed on d 21.
INTRODUCTION
The gastrointestinal tract (GIT) is developmentally very active in the early period posthatch in poultry species (Uni et al., 2000) . The intestinal crypts that form on the day of hatch become defined in the first 48 to 96 h and continue to grow rapidly during the first 7 d (Uni et al., 2000) . The intestinal villi increase significantly in diameter and length during the first 7 to 10 d after hatching (Denbow, 2000; Sklan, 2001) . Subtherapeutic antibiotics have been used in poultry production as an economical means ©2007 Poultry Science Association Inc. Received November 16, 2006 . Accepted January 8, 2007 Mention of a trade name, proprietary product, or specific equipment does not constitute a guarantee or warranty by the USDA and does not imply its approval to the exclusion of other products that are suitable. Alphamune supplementation influenced intestinal morphology differently based on gut location. Ileum villus height, surface area, lamina propria thickness, crypt depth, and neutral, sialomucin, and sulfomucin goblet cell density were enhanced with Alphamune treatments on d 7 and 21 (P < 0.05) and in a dose-dependent manner for many of the parameters evaluated. Jejunum results were mixed. Surface area, crypt depth, and sialomucin and sulfomucin goblet cells were consistently higher for the 2 lb/ton of Alphamune groups compared with the control group on d 7 and 21. Duodenum villus height, surface area, and goblet cell density were higher for the 2 lb/ton of Alphamune groups on d 7; however, intestinal morphology of the duodenum was not different between the control and treated birds on d 21. These results suggest that feed supplemented with Alphamune can accelerate gastrointestinal maturation in turkey poults and is more pronounced in the ileum than in other portions of the small intestine.
of both increasing growth and preventing disease and are thought to enhance gastrointestinal maturity (Dibner and Richards, 2005) . However, the emergence of antibiotic resistance in pathogenic bacteria has led to international reconsideration of the use of antibiotics in animal agriculture (Thwaites and Frost, 1999; Bywater, 2005) . Therefore, finding alternative ways to accelerate gastrointestinal maturation of newly hatched birds may be necessary to replace antibiotic growth promoters.
Brewer's yeast (Saccharomyces cerevisiae) extracts, which are by-products of beer manufacturing, have been added to animal feeds for years for their nutritional content (Westendorf and Wohlt, 2002) . Because they also have immunomodulating activity, it is thought that they may serve as alternatives to antibiotics for both growth promotion and disease resistance in poultry production. Whole yeast or yeast cell walls have been shown to improve the growth of both broiler chicks (Zhang et al., 2005) and turkey poults (Bradley et al., 1994) . The efficacy of brew- er's dried yeast may be related to its composition, because it is a source of both mannan-oligosaccharides (MOS) and β-glucans. Mannan-oligosaccharides are polysaccharide-protein complexes derived from yeast that are indigestible to nonruminant animals and can function as prebiotics, providing favorable conditions for beneficial intestinal Lactobacillus spp. (Flickinger and Fahey, 2002) . They also provide competitive binding sites for pathogens with mannosespecific fimbriae such as Salmonella, causing them to pass through the intestine, thus decreasing attachment and colonization (Newman, 1994) . They have been shown to improve the BW of turkeys grown to market age (Parks et al., 2001; Sims et al., 2004; Zdunczyk et al., 2005) and to improve feed conversion efficiency in turkeys grown to 20 wk (Fritts and Waldroup, 2003) .
β-Glucans are polymers of glucose that can also be derived from yeast cell walls, bacteria, fungi, and cereals such as oats, barley, and rye. A β-glucan product was recently shown to decrease Salmonella enterica serovar Enteritidis organ invasion and stimulate phagocytosis, bacterial killing, and oxidative burst in heterophils isolated from 4-d-old male Leghorn chickens 24 h after oral challenge (Lowry et al., 2005) . Recent results demonstrated that β-glucans as a feed supplement provided protection from the effects of Escherichia coli challenge in broiler chicks (Huff et al., 2006) .
Alphamune is a yeast extract antibiotic alternative containing both MOS and β-glucans. Alphamune has been shown to improve feed conversion and BW, stimulate the immune system, and reduce Salmonella colonization in chickens (Van Immerseel et al., 2000) . We hypothesized that the MOS and β-glucans in brewer's yeast extracts may accelerate maturation of the GIT in young poults, leading to better nutrient absorption and disease protection when used as a feed additive. However, very little information exists on how these additives influence enteric physiology during development. The objective of this study was to evaluate the effect of a brewer's yeast extract feed additive (Alphamune) that combines both the immunomodulatory properties of a standardized level of β-glucans with the performance enhancement of MOS on the maturation of the GIT of turkey poults.
MATERIALS AND METHODS

Birds and Housing
All experimental conditions and animal protocols were approved by an institutional animal care and use committee. In replicate trials, male Hybrid Converter turkey poults were obtained from a commercial hatchery at day of hatch. All birds were wing-banded and placed into brooder battery pens. In both trials, birds were kept under incandescent lighting on a light schedule consisting of 23 h light and 1 h dark.
Experimental Design
Two replicate trials were conducted to evaluate gut morphology in young turkey poults 7 and 21 d posthatch. Poults were provided ad libitum access to water and an unmedicated standard corn and soybean turkey starter diet that met or exceeded the NRC (1994) recommended allowances, or the same diet supplemented with 1 lb/ton or 2 lb/ton of a standardized yeast extract feed supplement (n = 18 poults/group, Alphamune, Alpharma Animal Health, Antwerp, Belgium). In each replicate trial, gut morphology was evaluated on d 7 or 21 (n = 9/group per d).
Morphometric Analysis of the Gut
For enteric morphometric analysis, birds were euthanized on the designated evaluation day, weighed, and the small intestines collected. A 2-cm segment of the midpoint of the duodenum, jejunum, and ileum were removed and fixed in 10% buffered formalin for 72 h. Each segment was embedded in paraffin. A 2-m section of each sample was placed onto a glass slide and stained (see below) for examination with a light microscope (Sakamoto et al., 2000) . The gastrointestinal morphometric variables evaluated were villus height, villus surface area, lamina propria thickness, and villus crypt depth as described previously (Solis de los Santos et al., 2005) . Morphological parameters were measured using the Image Pro Plus v. 4.5 software package (Media Cybernetics, Silver Spring, MD). Twenty replicate measurements for each variable studied were measured for each sample. These 20 measurements were then averaged to generate a mean value for each variable for an individual poult. The villus height was measured from the top of the villus to the top of the lamina propria. Surface area was calculated using the formula
where VW is villus width and VL is villus length (Sakamoto et al., 2000) . The lamina propria thickness was measured in the space between the base of the villus and the top of the muscularis mucosa. Crypt depth was measured from the base upward to the region of transition between the crypt and villus (Aptekmann et al., 2001 ).
Differentiation of Goblet Cells and Quantification
Neutral goblet cells were detected by staining 5-m sections with periodic acid Schiff staining (PAS) as described previously (McManus, 1948) with slight variations. Following deparaffinization and dehydration, slides were incubated in 0.5% periodic acid for 5 min, washed and incubated with Schiff's reagent (Sigma Chemical Co., St. Louis, MO) for 20 min, and then counterstained with hematoxylin for 5 min. The number of PASpositive cells staining a red color (PAS+) along the villi was counted by light microscopy as described previously (Uni et al., 2003) . To differentiate acidic goblet cells, highiron diamine-Alcian blue stain was used. With the highiron diamine-Alcian blue stain, sialomucins stain blue and sulfomucin goblet cells stain black (Boshuizen et al., 2005) . Briefly, after deparaffinization and dehydration, slides were placed in HID solution overnight (16 h), rinsed in water, and then incubated in Alcian blue solution for 5 min (1% in 3% acetic acid, pH 2.5). After being rinsed in water, slides were dehydrated and mounted as described previously (Makkink et al., 2002; Uni et al., 2003) . The number of goblet cells per villus was counted after the staining in 10 well-oriented crypt-villus units of the duodenum, jejunum, and ileum, respectively, per bird on d 7 and 21 posthatch.
Statistical Analysis
Gut morphology, BW data, and gut weight data were subjected to ANOVA using SAS (SAS Institute, 2002) . Mean separation was accomplished using Duncan's multiple range tests; P ≤ 0.05 was considered significant.
RESULTS
BW
Poults supplemented with Alphamune had increased BW on d 7 (128.7 ± 4.5 g, 128.6 ± 4.6 g, trial 1; 126.1 ± 3.8 g, 131.6 ± 1.0 g, trial 2; 1 and 2 lb/ton of Alphamune groups, respectively) compared with control treatments (115.7 ± 3.9 g, trial 1; 123.6 ± 5.9 g, trial 2, P ≤ 0.05). No differences in BW were observed at d 21. There were no differences in percentage of mortality attributable to treatment in either trial.
Intestinal Morphometric Parameters
Gastrointestinal morphology differed by portion of the small intestine and, to some degree, by day of evaluation. At the 2 lb/ton of Alphamune dose, all enteric morphometric characteristics evaluated were higher than those of the control in the ileum (Table 1, Figures 1 and 2) . At the lower Alphamune treatment, the numbers of all 3 types of goblet cells in the ileum were higher in both replicate trials than in the control group at d 7 ( Figure  1) , as was crypt depth (Table 1) . Ileum villus height, surface area, and crypt depth were increased on d 21 in both trials in the 1 lb/ton of Alphamune group compared with the control group (Table 1) . Laminia propria thickness was consistently higher for the 2 lb/ton of Alphamune treatment groups across days and trials (Table 1) .
The jejunum villus surface area and crypt depth were increased in the 2 lb/ton of Alphamune groups compared with the control group for both d 7 and 21 and for the lower dose treatment on d 21 in both trials (Table 2) . Jejunum villus height results were inconsistent at d 7 but were greater in both the 1 and 2 lb/ton of Alphamune treatment groups compared with the control group on d 21 (Table 2 ). Lamina propria thickness was not different on d 7 but was consistently thicker for the 2 lb/ton of Alphamune group compared with the control group on d 21 (Table 2 ). More sialomucin and sulfomucin goblet cells were observed in the 2 lb/ton of Alphamune treatment compared with the control treatment in both trials on d 7 and 21 in the jejunum (Figure 3 ). Neutral goblet cell numbers were consistently higher in the jejunum for the Alphamune groups on d 21 only (Figure 3) . Although some duodenum morphometric parameters differed from controls on d 7, few effects of the Alphamune treatment were observed on d 21 (Table 3) . Duodenum villus height and surface area in the 2 lb/ton of Alphamune groups were higher than in the control group on d 7 (Table 3) , as were neutral, sialomucin, and sulfomucin goblet cell numbers for both the 1 and 2 lb/ ton of Alphamune treatments for both trials (Figure 4) . On d 21, sulfomucin goblet cell densities were higher for the 2 lb/ton of Alphamune treatments across trials (Figure 4 ).
DISCUSSION
In this study, gastrointestinal maturation was accelerated when poults were fed a brewer's yeast extract containing β-glucans and MOS. During the first week posthatch, the small intestine develops at a rate that exceeds other body organs (Uni et al., 1998a (Uni et al., ,b, 1999 . This highly active metabolic period and the establishment of microflora in the intestinal tract present a very dynamic environment in the young bird. Multiple studies have demonstrated the ability to accelerate the maturation of the microflora by providing microflora to the neonate (Nurmi and Rantala, 1973; Barnes et al., 1979; Nurmi et al., 1992) ; however, little research has focused on the gastrointestinal physiology and how nutritional supplements may influence the structure, maturation, and function of the intestine.
Alphamune and other yeast cell components have previously been shown to improve feed conversion and BW in broiler chicks (Zhang et al., 2005) and turkey poults (Bradley et al., 1994; Huff et al., 2006) . Early maturation of the gut is directly related to digestion and nutrient absorption in the small intestine, because villi play a crucial role in these processes (Uni et al., 1999; Aptekmann et al., 2001; Gartner and Hiatt, 2001; Sklan, 2001 ) and may account for the increased BW of poults supplemented with Alphamune at 1 wk of age. Altering the feed and supplementation in neonates can significantly affect enteric development. Villi height is increased by supplementing poultry diets with calcium (Aptekmann et al., 2001) , and the lack of feed decreases the number of enterocytes available for villus growth and villus absorptive surface area (Noy et al., 2001) . Potturi et al. (2005) report that intestinal villi in turkey poults were significantly increased in birds receiving feed the first week posthatch compared with birds deprived of feed. Additionally, a high-protein diet increases the length of the intestinal villi of the chicken (Yamauchi et al., 1993) .
Along with the enhanced nutritional absorption properties of Alphamune, the mannans and β-glucans are proposed to have immunomodulating and disease-resistant properties. In our study, the 2 lb/ton of Alphamune group consistently had significantly enhanced lamina propria thickness, crypt depth, and mucin-producing goblet cells in the ileum, and to some degree in the jejunum and duodenum, compared with the control group. Lamina propria thickness can be used as an indicator of gut health because the lamina propria contains dendritic cells that survey the contents of the lumen and protect against infection by stimulating the adaptive immune response, increasing gut motility, and modifying mucin production, defensin secretion, and IgA production (Macpherson and Harris, 2004) . The crypts of the villus contain several specialized cells, including absorptive cells, goblet cells, and regenerative cells, that are responsible for the production of mucus and the replacement of old cells. Because the goblet cells are produced in the crypt (Ayabe , 2000) , a deeper crypt may reflect the increased density of goblet cells observed in this study.
We observed a pronounced increase in goblet cell numbers with Alphamune supplementation (2 lb/ton group) compared with the controls. This effect was consistent across both d 7 and 21 for the ileum for most goblet cell types in the jejunum, and for d-7 poults in the duodenum. Goblet cells secrete glycoprotein compounds known as mucins (Forstner, 1978) , which form the mucus layer that protects the intestinal surface from the invasion of enteric bacteria, bacterial and environmental toxins, and some dietary components that may damage the mucosa (Specian and Oliver, 1991) . Mucins are classified into neutral and acidic subtypes; the latter are further distinguished by sulfated (sulfomucin) or nonsulfated (sialomucin) groups (Roberton and Wright., 1997) . The physiological relevance of distinct mucin subtypes is not well understood. However, acidic mucins are thought to protect against bacterial translocation in immature birds (Fontaine et al., 1996; Roberton and Wright, 1997) .
The mechanism by which Alphamune increases the goblet cell numbers is not clear. Mucin genes are regulated at the transcriptional level by cytokines, bacterial products, and growth factors (Temann et al., 1997) . Mucin biosynthesis is also influenced by conditions or agents that affect the differentiation of precursor cells into mature goblet cells and agents or conditions that uncouple the processes of glycosylation and protein synthesis, or which influence protein synthesis (Sharma and Schumacher, 1995; Langhout et al., 1999) . Mucin can also serve as a substrate for fermentation by commensal bacteria. Jonsson and coworkers (2001) found that the presence of mucin in the growth medium initiates mucin-binding properties in several strains of Lactobacillus, whereas Gusils and colleagues (2003) demonstrated that Lactobacillus adheres to purified chicken intestinal mucin. Other studies have described mucin as a site for bacterial adhesion (Vimal et al., 2000) , with subsequent competition between pathogenic and beneficial bacteria (Craven and Williams, 1998) .
Mucin synthesis and secretion are influenced by the diet (Sherman et al., 1985; Sharma and Schumacher, 1995; Uni et al., 2003; Smirnov et al., 2005) . Fernandez and coworkers (2000) fed xylanase to chickens, which reduced Campylobacter jejuni cecal colonization by decreasing mucus viscosity, altering gut transit time, and possibly "flushing" C. jejuni from the GIT. Smirnov et al. (2005) observed that goblet cell density was greater in the ileum and jejunum and that mucin glycoprotein levels were lower in the duodenum of chicks fed antibiotic growth promoters. Probiotics increased the goblet cell cup in the lower intestines of chicks in that study. In vitro studies using Lactobacillus plantarum 299v demonstrate the ability of probiotics to inhibit enteropathogenic organisms by inducing intestinal mucin gene expression (Mack et al., 1999) . Thus, mucin plays an important role in enteric protection from pathogens.
These results suggest that feed supplemented with Alphamune, an MOS and β-glucan additive, may accelerate gastrointestinal maturation in turkey poults. In addition, the results provide clues to the immunostimulatory effects of this product because the numbers of neutral, sialomucin, and sulfomucin goblet cells in the GIT were increased in supplemented poults.
